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© Lys - plasminogen in the prevention and treatment of ischemia and reperfusian injury. 



© A treatment of ischemia and the attendant reperfusion injury entails the administration plasmin and plasmin- 
forming proteins, including lys-plasminogen and similar substances. Lys-plasminogen, which can be obtained 
from the proteolytic cleavage of glu-plasminogen, has been found to have a protective effect on tissue that has 
been injured by ischemic conditions. The administration of lys-plasminogen can used to treat subjects during the 
time of reperfusion and after reperfusion has already occurred. Lys-plasminogen also can be administered in 
conjunction with clot lysis therapies, such as those that employ tissue plasminogen activator and the like. 
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Background of the Invention 

Stroke remains the third most common cause of death in the industrial world, ranking behind ischemic 
hear -ease and cancer Strokes are responsible for about 300.000 deaths annually in the United States 
5 and ai, jt 11,000 deaths annually in Austria. Strokes are also a leading cause of hospital admissions and 
long-term disabilities. Accordingly, the socioeconomic impact of stroke and its attendant burden on society 
is practically immeasurable. 

"Stroke" is defined by the World Health Organization as a rapidly developing clinical sign of focal or global 
disturbance of cerebral function with symptoms lasting at least 24 hours. Strokes are also implicated in 

w deaths where there is no apparent cause other than an effect of vascular origin. 

Strokes are typically caused by blockages or occlusions of the blood vessels to the brain or within the 
brain. With complete occlusion, arrest of cerebral circulation causes cessation of neuronal electrical activity 
within seconds. Within a few minutes after the deterioration of the energy state and ion homeostasis, 
deration of high energy phosphates, membrane ion pump failure, efflux of cellular potassium, influx of 

?5 sodium chloride and water, and membrane depolarization occur. If the occlusion persists for more than five 
to ten minutes, irreversible damage results. With incomplete ischemia, however, the outcome is difficult to 
evaluate and depends largely on residual perfusion and the availability of oxygen. After a thrombotic 
occlusion of a cerebral vessel, ischemia is rarely total. Some residual perfusion usually persists m the 
ischemic area, depending on collateral blood flow and local perfusion pressure. 

20 Cerebral blood flow can compensate for drops in mean arterial blood pressure from 90 to 60 mm Hg by 

autoregulation. This phenomenon involves dilatation of downstream resistant vessels. Below the lower level 
of autoregulation (about 60 mm Hg), vasodilatation is inadequate and the cerebral blood flow falls. The 
brain, however, has perfusion reserves that can compensate for the fall in cerebral blood fall. This reserve 
exists because under normal conditions only about 35% of the oxygen delivered by the blood is extracted. 

25 Therefore, increased oxygen extraction can take place, provided that normoxia and normocapnea exist. 
When distal blood pressure falls below approximately 30 mm Hg, the two compensatory mechanisms 
(autoregulation and perfusion reserve) are inadequate to prevent failure of oxygen delivery. 

As flow drops below the ischemic threshold of 23 ml/1 00g. minute, symptoms of tissue hypoxia develop. 
Severe ischemia may be lethal. When the ischemia is moderate, it will result in "penumbra." In the 

30 neurological context, penumbra refers to a zone of brain 'issue with moderate ischemia and paralyzed 
neuronal function, which is reversible with restoration of ade jate perfusion. The penumbra forms a zone of 
collaterally perfused tissue surrounding a core of severe ^ .hernia in which an infarct has developed. In 
other words, the penumbra is the tissue area that can be saved, and is essentially in a state between life 
and death. 

35 When a clot is degraded and the blood flow to the penumbra is restored, a phenomenon known as 

reperfusion injury can occur. Portions of the injured tissue in the penumbra can be killed or further injured 
by the re-entry of oxygen or other substances into the area affected by the ischemia. In view of this 
phenomenon, the extent of tissue damage resulting from ischemia is determined both by the time required 
to achieve opening of an occluded vessel and by the series of reactions that follow as a result of 

40 reperfusion and the re-entry of oxygen to the affected tissue. 

Although an ischemic event can occur anywhere in the vascular system, the carotid artery bifurcation 
and the origin of the internal carotid artery are the most frequent sites for thrombotic occlusions of cerebral 
blood vessels, which result in cerebral ischemia. The symptoms of reduced blood flow due to stenosis or 
thrombosis are similar to those caused by middle cerebral artery disease. Flow through the ophthalmic 

45 artery is often affected sufficiently to produce amaurosis fugax or transient monocular blindness. Severe 
bilateral internal carotid artery stenosis may result in cerebral hemispheric hypoperfusion. This manifests 
with acute headache ipsilateral to the acutely ischemic hemisphere. Occlusions or decrease of the blood 
flc-' vth resulting ischemia of one anterior cerebral artery distal to the anterior communicating artery 
pr es motor and cortical sensory symptoms in the contralateral leg and, less often, proximal arm. Other 

so mannestations of occlusions or underperfusion of the anterior cerebral artery include gait ataxia and 
sometimes urinary incontinence due to damage to the parasagittal frontal lobe. Language disturbances 
manifested as decrease spontaneous speech may accompany generalized depression of psychomotor 
activity. 

Most ischemic strokes involve portions or all of the territory of the middle cerebral artery with emboli 
55 from the heart or extracranial carotid arteries accounting for most cases. Emboli may occlude the main 
stem of the middle cerebral artery, but more frequently produce distal occlusion of either the superior or the 
inferior branch. Occlusions of the superior branch cause weakness and sensory loss that are greatest in the 
face and arm. Occlusions of the posterior cerebral artery distal to its penetrating branches cause complete 
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contralateral loss of vision. Difficulty in reading (dyslexia) and in performing calculations (dyscalculia) may 
follow ischemia of the dominant posterior cerebral artery. Proximal occlusion of the posterior cerebral artery 
causes ischemia of the branches penetrating to calamic and limbic structures. The clinical results are 
hemisensory disturbances that may chronically change to intractable pain of the defective site (thalamic 
5 pain). 

A significant event in cerebral ischemia is known as the transient ischemic attack ("TIA"). A T1A is 
defined as a neurologic deficit with a duration of less than 24 hours. The TIA is an important sign of a 
ischemic development that may lead to cerebral infarction. Presently, no ideal treatment for TIA exists, and 
there are no generally accepted guidelines as to whether medical or surgical procedures should be carried 
w out in order to reduce the incidence of stroke in subjects with TIA. 

The etiology of TIA involves hemodynamic events and thromboembolic mechanisms. Because most 
TIAs resolve within one hour, a deficit that lasts longer is often classified as presumptive stroke and is, 
accordingly, associated with permanent brain injury. Therefore, computed tomographic brain scans are used 
to search for cerebral infarction in areas affected by TIAs lasting longer than several hours. In sum, the 

75 relevant clinical distinction between a TIA and a stroke is whether the ischemia has caused brain damage, 
which is typically classified as infarction or ischemic necrosis. Subjects with deteriorating clinical signs 
might have stroke in evolution or are classified as having progressive stroke. In this clinical setting, clot 
propagation is possibly an important factor in disease progression. 

There are a myriad of other diseases caused by or associated with ischemia. Vertebrobasilar ischemia 

20 is the result of the occlusion of the vertebral artery. Occlusion of the vertebral artery and interference with 
flow through the ipsilateral posterior inferior cerebellar artery causes lateral medullary syndrome, which has 
a symptomology including vertigo, nausea, vomiting nystagmus, ipsilateral ataxia and ipsilateral Herner's 
syndrome. Vertebrobasilar ischemia often produces multifocal lesions scattered on both sides of the brain 
stem along a considerable length. Except for cerebellar infarction and the lateral medullary syndrome, the 

25 clinical syndromes of discrete lesions are thus seldom seen in pure form. Vertebrobasilar ischemia 
manifests with various combinations of symptoms such as dizziness, usually vertigo, diplopia, facial 
weakness, ataxia and long tract signs. 

A basilar artery occlusion produces massive deficits. One of these deficits is known as the "locked in 
state." In this condition, paralysis of the limbs and most of the bulbar muscle leaves the subject only able to 

30 communicate by moving the eyes or eyelids in a type of code. Occlusion of the basilar apex or top of the 
basilar is usually caused by emboli that lodge at the junction between the basilar artery and the two 
posterior cerebral arteries. The condition produces an initial reduction in arousal followed by blindness and 
amnesia due to an interruption of flow into the posterior cerebral arteries as well as abnormalities of vertical 
gaze and pupillary reactivity due to tegmental damage. 

35 Venous occlusion can cause massive damage and death. This disease is less common than arterial 

cerebral vascular disease. As with ischemic stroke from arterial disease, the primary mechanism of brain 
damage is the reduction in capillary blood flow, in this instance because of increased outflow resistance 
from the blocked veins. Back transmission of high pressure into the capillary bed usually results in early 
brain swelling from edema and hemorrhagic infarction in subcortical white matter. The most dangerous form 

40 of venous disease arises when the superior sagittal sinus is occluded. Venous occlusion occurs in 
association with coagulation disorders, often in the purpura! period, or in subjects with disseminated cancers 
or contagious diseases. If anticoagulant therapy is not initiated, superior sagittal sinus occlusion has a 
mortality rate of 25-40%. 

Brief diffuse cerebral ischemia can cause syncope without any permanent sequelae. Prolonged diffuse 
45 ischemia in other organs has devastating consequences. The most common cause is a cardiac asystole or 
other cardiopulmonary failures, including infarction. Aortic dissection and global hypoxia or carbon monox- 
ide poisoning can cause similar pictures. Diffuse hypoxia/ischemia typically kills neurons in the hippocam- 
pus, cerebellar Purkinje cells, striatum or cortical layers. Clinically, such a diffuse hypoxia/ischemia results 
in unconsciousness and in coma, followed in many instances by a chronic vegetative state. If the subject 
so does not regain consciousness within a few days, the prognosis for the return of independent brain 
functions becomes very poor. 

Hyperviscosity syndrome is another disease related to blood flow and ischemia. Cerebral blood flow is 
inversely related to blood viscosity. The latter is directly proportional to the number of circulating red and 
white cells, the aggregation state, the number of platelets and the plasma protein concentration. Blood flow 
55 is inversely proportional to the deformability of erythrocytes and blood velocity (shear rate) Subjects with 
hyperviscosity syndrome can present either with focal neurologic dysfunction or with diffuse or multifocus 
signs or symptoms including headache, visual disturbances, cognitive impairments or seizures. 
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There are a number of substances involved in clot formation and lysis. Plasminogen, also known as giu- 
plasminogen, and plasmin are two of the primary substances involved in lysis. 

Plasminogen is a protein, composed of 791 ammo acids, that circulates in human plasma at a 
concentration of about 200 ug.mt. Plasminogen is the zymogen form of the fibrinolytic enzyme, plasmin, 
5 which has broad substrate specificity and is ultimately responsible for degrading blood clots. For the most 
part, fibrin proteolysis is mediated by the generation of plasmin within a fibnn clot from the plasminogen 
trapped within the clot. Fredenburgh & Nesheim, J. Biol. Chem. 267: 26150-56 (1992). 

Plasminogen has five kringle domains within its ammo-terminal heavy chain region that exhibit lysine- 
binding sites for recognition of lysine residues in fibrin. Plasmmogen-plasmin conversion, both within a clot 
w and at its surface, is facilitated by the affinity of tissue plasminogen activator ("t-PA") for fibrin, which 
results in a fibrin-dependent t-PA-induced plasminogen activation. Fredenburgh, loc. cit. 

Once initiated, fibrinolysis results in several positive feedback reactions. For instance, plasrnin-catalyzed 
cleavage of fibrin generates carboxy-terminal lysine residues, which in turn provide additional binding sites 
for both t-PA and plasminogen. This also facilitates plasrnin-catalyzed conversion of glu-piasmmogen to lys- 
15 plasminogen by a specific cleavage, which is a pre-activation step. Shih & Hajjar, P.S.E.B.M. 202: 258-64 
(1993). In the literature, the term "lys-plasminogen" refers to forms of plasminogen where the N-terminal 
ammo acid is lysine, valine or methionine. Nieuwenhuizen et a/., Eur. J. Biochem. 174: 163-69 (1988). The 
conversion activity reflects a positive feedback reaction, because lys-plasminogen is a considerably better 
substrate than glu-plasminogen for both t-PA and urokinase, which may be caused by the enhanced affinity 
20 of lys-plasminogen for fibrin. The ratio of the Kcat/Km for t-PA-catalyzed activation of lys-plasminogen 
exceeds that of glu-plasminogen by about a factor of ten. Fredenburgh, loc. cit. 

Fibrinolysis has been previously shown to be accelerated by the addition of lys-plasminogen in vivo 
and in vitro. In addition, when the use of exogenous lys-plasminogen was compared to the use of 
exogenous glu-plasminogen in similar experiments, 0.08 umol lys-plasminogen produced the same degree 
25 of enhanced fibrinolysis as 0.67 umol glu-plasminogen. Therefore, while both forms of plasminogen shorten 
the time for fibrinolysis, lys-plasminogen is about eight times more potent in this regard than glu- 
ptasminogen. See Fredenburgh, supra. 

Previous studies of lys-plasminogen have not implicated this protein for use in treatment of reperfusion 
injury. The conventional treatment for reperfusion injury is Flunarizine, which is only effective when 
30 administered prophylactically. 

Summary of the Invention 

It is therefore an object of the present invention to provide a method for treating reperfusion injury to 

35 tissue. 

It is also an object of the present invention to provide a method for treating ischemia, infarction or brain 
edema. 

It is also another object of the present invention to provide a method for improving the microcirculation. 

It is yet another object of the present invention to provide a method for treating the reperfusion injury 
40 that follows ischemic events. 

It is yet another object of the present invention to provide a method for treating the reperfusion injury 
that follows ischemic events by administering a pharmaceutical composition comprising plasmin or a 
plasmm-forming protein, including zymogens and pre-activated zymogens of plasmin. 

It is still another object of the present invention to provide a method for treating ischemia and the 
45 attendant reperfusion injury resulting from events following ischemia by administering a pharmaceutical 
composition comprising a plasminogen activator and plasmin or a plasmin-forming protein, as described 
above. In accordance with one aspect of the present invention, a method is provided for treating reperfusion 
injury that comprises administering to a subject a pharmaceutical preparation comprising plasmin or a 
plasmin-forming protein and a pharmaceutical^ acceptable carrier. In a preferred embodiment, lys- 
50 plasminogen or related compounds are employed. The composition for use in this method may further 
comprise plasminogen activators such as tissue-type plasminogen activator, urokinase-type activators, pro- 
urokinase, streptokinase-type activators and plasmin. 

It is a further object of the present invention to treat ischemia and reperfusion injury resulting from 
surgical procedures, including transplants. 
55 In accordance with another aspect of the present invention, there is provided a treatment for ischemia 

and reperfusion injury resulting from surgical procedures, including transplants. This treatment entails 
administering proteins having the effect of lys-plasminogen or progenitors of lys-plasminogen to patients 
who have or will undergo surgical procedures. In the case of transplantation, the administration of such 
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proteins to tissue or organ recipients protects the tissue or organ being transplanted, as well as the tissues 
and organs surrounding the surgical area of the recipient. Likewise, administration of such proteins to the 
tissue or organ donor protects the tissue or organ to be transplanted as well as the tissues and organs 
surrounding the surgical area of the donor. 
5 Other objects, features and advantages of the present invention will become apparent from the following 

description and figures. 

Brief Description of the Figures 

w FIGURE 1 sets forth the scoring system used for evaluation of neurologic defects. 

FIGURE 2 is a summary of experimental data employing a rat model for evaluating the therapeutic 
benefits of lys-plasmmogen as compared to a control. 

FIGURE 3 is a graphic representation of the data from a controlled experiment evaluating the effect lys- 
plasminogen on the brain moisture content (edema) of rats with induced ischemia. "A" is rats with 
75 surgically-induced ischemia receiving 500 U/kg lys-plasmmogen i.v. with blood reperfusion; "B" is rats with 
surgically-induced ischemia receiving 1.0 ml/kg isotonic saline i.v. with blood reperfusion; and "C" is rats 
having undergone a sham operation receiving 1.0 ml/kg isotonic saline i.v. (AAB p < 0 001; ABC: p < 0.01; 
AAC: p < 0.05). 

FIGURE 4 is a graphic representation of the data from an experiment evaluating the effect of buffer on 

20 the brain moisture content (edema) of rats with induced ischemia, which serves as an additional control of 
the experiment of Figure 3. "A" is rats with surgically-induced ischemia receiving 1.0 ml/kg buffer i.v. with 
blood reperfusion (n = 7); "B" is rats with surgically-induced ischemia receiving 1.0 ml/kg isotonic saline i.v. 
with blood reperfusion (n = 7); and "C" is rats having undergone a sham operation receiving 1.0 ml/kg 
isotonic saline i.v. (n = 8). (AAB n.s.; ABC: p < 0.01; AAC: p < 0.01). 

25 FIGURE 5 is a graphic representation of the data from a controlled experiment evaluating the effect lys- 

plasminogen on the neurologic deficits of rats with induced ischemia. The total score is based on individual 
ratings for state of consciousness, gait, muscle tone and performance (mean of 3 days per animal). The 
maximum score is 54 (n = 10 per group). "A" is rats with surgically-induced ischemia receiving 500 U/kg 
lys-plasminogen i.v. with blood reperfusion; "B" is rats with surgically-induced ischemia receiving t.O ml/kg 

30 isotonic saline i.v. with blood reperfusion; and "C" is rats having undergone a sham operation receiving 1.0 
ml kg isotonic saline i.v. (AAB: p < 0.001; ABC: p < 0.001; AAC: p = 0.05). 

FIGURE 6 is a graphic representation of the data from an experiment evaluating the effect of buffer on 
the neurologic deficits of rats with induced ischemia, which serves as an additional control of the 
experiment of Figure 5. The total score is based on individual ratings for state of consciousness, gait, 

35 muscle tone and performance (mean of 3 days per animal). The maximum score is 54 (n = 6 per group). 
"A" is rats with surgically-induced ischemia receiving 1.0 ml/kg buffer i.v. with blood reperfusion; "B" is rats 
with surgically-induced ischemia receiving 10 ml/kg isotonic saline i.v. with blood reperfusion; and "C" is 
rats having undergone a sham operation receiving 1.0 ml/kg isotonic saline i.v. (AAB: n.s; ABC: p < 0.01; 
AAC: p < 0.01). 

40 

Detailed Description of Preferred Embodiments 

The present invention enables treatment of ischemic events, including cerebral ischemia, and reper- 
fusion injury associated with ischemic events. Additionally, the present invention permits the treatment of 
45 ischemic events in a manner that avoids or minimizes the adverse effects associated with conventional 
treatments, such as reperfusion injury. The term "treatment" in its various grammatical forms refers to 
preventing, alleviating, minimizing or curing maladies or other adverse conditions. 

It has been discovered that plasmin and plasmin-forming proteins, a category that includes lys- 
plasminogen, a pre-activated zymogen of plasmin, can be used, in accordance with the present invention, to 
so attenuate or avoid reperfusion injury following an ischemic event. This beneficial effect can be obtained 
even when reperfusion already has started. 

Lys-plasminogen itself can be employed as a treatment. All forms of lys-plasminogen are considered 
suitable for use with this invention as long as they retain the ability to affect the benefits described above. 
A'30 suitable for use pursuant to the present invention are fragments of lys-plasminogen and variants of lys- 
55 plasminogen, such as analogs, derivatives, muteins and mimetics of the natural molecule, that retain the 
ability to affect the benefits described above. 

Fragments of lys-plasminogen refers to portions of the amino acid sequence of the lys-plasminogen 
polypeptide. These fragments can be generated directly from lys-plasminogen itself by chemical cleavage, 

5 



EP 0 631 786 A1 



by proteolytic enzyme digestion, or by combinations thereof. Additionally, such fragments can be created 
by recombinant techniques employing genomic or cDNA cloning methods. Furthermore, methods of 
synthesizing polypeptides directly from ammo acid residues also exist. The variants of lys-piasminogen can 
be produced by these and other methods. Site-specific and region-directed mutagenesis techniques can be 

5 employed. See CURRENT PROTOCOLS IN MOLECULAR BIOLOGY vol. 1 . ch. 8 (Ausubel et at. eds., J. 
Wiley & Sons 1989 & Supp. 1990-93); PROTEIN ENGINEERING (Oxender & Fox eds., A. Uss. Inc. 1987). 
In addition, fmker-scanning and PCR-mediated techniques can be employed for mutagenesis. See PCR 
TECHNOLOGY (Erlich ed.. Stockton Press 1989); CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, 
vols. 1 & 2, supra. Non-peptide compounds that mimic the binding and function of a peptide ("mirmetics") 

;o can be produced by the approach outlined in Saragovi et ai. Science 253; 792-95 (1991). Protein 
sequencing, structure and modeling approaches for use with any of the above techniques are disclosed in 
PROTEIN ENGINEERING, loc. cit and CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, vols. 1 & 2, 
supra. 

Once a desired fragment or variant of lys-plasminogen is obtained, techniques described herein can be 

75 employed for determining whether the fragment or variant is effective for the above therapies, such as 
treatment of reperfusion injury and, if so, identifying an appropriate dosage range. The rat stroke model 
described in the example below is a simple and cost-efficient way of performing this testing in vivo. 

The present invention also contemplates the use of progenitors of iys-plasminogen, that is, precursors 
of lys-plasminogen as well as substances that act on a iys-plasminogen precursor to generate lys- 

20 plasminogen. Illustrative of lys-plasminogen progenitors is glu-plasmmogen, which is cleaved by an 
appropriate protease to generate lys-plasminogen. A substance effecting such a proteolytic cleavage is 
plasmm, the use of which falls within the scope of this invention as stated above. These rat stroke model 
described below is also useful for evaluating the effectiveness of lys-plasminogen progenitors. 

Lys-plasminogen can be obtained by proteolytic cleavage of glu-plasmmogen to remove amino acid 

25 sequences from glu-plasminogen. Methods of producing lys-plasmmogen are described in greater detail in 
European Application 0 353 218. See also Neuwenhuizen, supra. 

An example presented below demonstrates a previously unknown effect of lys-plasmmogen which 
implicates its efficacy, and that of the lys-plasmmogen variants and progenitors as well as plasmin and 
plasmin-forming proteins, in the treatment of reperfusion injury. Until now, lys-plasminogen was only known 

30 to function in fibrinolysis. It was not expected that plasmin or any plasmin-forming protein, such as lys- 
plasminogen, would be able to overcome the blood-brain barrier, which has been presumed to be 
necessary to be effective at the site of a cerebral ischemic event. 

Other uses for lys-plasmmogen exist as well, Lys-plasmmogen is helpful in treating subjects after 
cardiac arrest. Lys-plasmmogen administration may prevent the ischemic damage to neural cells. Lys- 

35 plasminogen can also be used in the treatment of total body ischemia (shock), ischemia of the bowels and 
lower extremities and for the preservation of organs for transplant by preventing ischemia. 

Administration methods include those used for clot-lysis treatments, typically intravenous routes. The 
dosage of Lys-plasminogen to be employed with this invention should be based on the weight of the 
subject and administered at a dosage of about 10 to 1000 caseinoiytic units ("CU")/kg. Preferably, the 

40 dosage should be about 100 to 600 CU'kg, and more preferably the dosage should be about 500 CU'kg. 
The lys-plasminogen can be administered during blood reperfusion, which would occur when lys-plas- 
minogen is administered along with conventional clot lysis treatments such as t-pa. Additionally, the 
beneficial effect of the lys-plasminogen can still be obtained when it is administered after reperfusion has 
already begun. Preferably, the lys-plasminogen should be administered before or within about 30 minutes 

45 after reperfusion has begun. Lys-plasminogen variants and progenitors should be administered in dosages 
that yield the same effect as the dosage ranges discussed above. 

A treatment in accordance with the present invention can be effected advantageously via administration 
of the above-described substances in the form of injectable compositions. A typical composition for such 
purpose comprises a pharmaceutical^ acceptable carrier. An exemplary composition in this context is a 

so lys-plasminogen buffer vehicle (9 g/L NaCI, 1 g/l Na 3 citrate* 2H 2 0, 3 g I L-lysine, 6 g ! NaH;PO**2H 2 0 and 
40, 000 KIU/I aprotonin). Pharmaceutical^ acceptable carriers in this context include other aqueous 
solutions, non-toxic excipients, including salts, preservatives, buffers and the like, as described in REMING- 
TON'S PHARMACEUTICAL SCIENCES, 15th Ed. Easton: Mack Publishing Co. pp 1405-1412 and 1461- 
14£7 ( 975) and in THE NATIONAL FORMULARY XIV., 14th Ed. Washington; American Pharmaceutical 

55 Association (1975), the contents of which are hereby incorporated by reference. Examples of non-aqueous 
solvents are propylene glycol, polyethylene glycol, vegetable oil and injectable organic esters such as 
ethyloleate. Aqueous carriers include water, alcoholic/aqueous solutions, saline solutions, parenteral vehicles 
such as sodium chloride. Ringer's dextrose, etc. Intravenous vehicles include fluid and nutrient replenishers. 
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Preservatives include antimicrobials, antioxidants, chelating agents and inert gases. The pH and exact 
concentration of the various components of the binding composition are adjusted according to routine skills 
in the art. See GOODMAN AND GILMAN'S THE PHARMACOLOGICAL BASIS FOR THERAPEUTICS {7th 
ed.) 

5 

Example 1. Effect of Lys-Plasminogen on the Sequelae of Cerebral Ischemia in Rats 

In this experimental series, the effects of lys-plasminogen on the sequelae of experimentally induced 
ischemia in rats was evaluated. Two different approaches were employed to assess the neurologic 

w consequences of ischemia. Ischemia was induced in rats as described below. 

First, male Sprague-Dawley rats (weight 300-4OOg) are anesthetized with 350 mg/kg choral hydrate i.p., 
and a catheter was then inserted into the jugular vein. Five milliliters of blood was withdrawn through the 
jugular catheter (100 IU heparin in the syringe) in order to reduce mean arterial blood pressure to 50 mm 
Hg. The prepared carotid arteries are exposed and clamped simultaneously with the blood withdrawal. The 

75 clamps are removed after a period of 30 minutes, and the withdrawn blood is reinfused {reperfusion). Fibrin 
sealant (Tisseel®) is applied to the wounds. The animals remain under anesthesia for a total of 24 hours 
(23.5 hours after reperfusion). After regaining consciousness, each animal undergoes one of the following 
procedures: 

20 Assessment of brain edema: 

Animals are maintained at constant body temperatures for a total of 24 hours, sacrificed with ether and 
the brains removed. Assessment of brain edema was performed using modifications of methods published 
for other species. Oh & Betz, Stroke 22. 915-21 (1991). 
25 Moisture content, which is an excellent parameter for assessing ischemia/reperfusion-induced edema of 

the brain, is determined as follows: Both hemispheres are weighed, dried for 17 hours at 200 *C, and 
reweighed. Moisture content is was calculated in percent of total moist weight according to the following 
formula: 

30 

Moist weight - Dry weight x 10 0 
Moist weight 

35 

Assessment of neurologic deficits: 

Animals were assessed for neurologic deficits on the first, second and third post-operative days. 
Wauquier ef a/., Neuropharmacology 28: 837-46 (1989). State of consciousness, gait, muscle tone, 
40 performance on an overhead ladder tilted at 45 * , and performance on a vertically mounted rotating disk 
were evaluated on the basis of the scoring system shown in Figure 1. A cumulative score for the three days 
is calculated (maximum score = 54). 

Lys-plasminogen (IMMUNO AG) was administered intravenously by means of catheter into either the 
jugular or tail vein. These administrations were performed in increasing concentrations at various time 
45 points. Ischemic animals treated with isotonic saline served as positive controls, while animals subjected to 
a sham operation and treated with isotonic saline served as negative controls. 

The above-described lys-plasminogen buffer was tested using each of these procedures in separate 
experiments. A summary of dosage, administration schedule, experimental procedures and results is set 
forth in Figure 2. 

so The results for 500 CU/kg lys-plasminogen (and the buffer employed as a control) are shown in Figures 

3 and 4 for edema and Figures 5 and 6 for neurologic deficits. Significance values were based on t-tests for 
edema and the Kruskal-Wallis test assuming a chi-square distribution for neurologic deficits. 

A dose of 500 CU/kg of lys-plasminogen showed a significant protective effect on the sequence of 
experimentally induced cerebral ischemia in rats. The schedule of administration did not play an essential 

55 role. Notably, the lys-plasminogen still exerted a protective effect even when it was administered 30 
minutes after the beginning of reperfusion. This contrasts with results obtained for the standard therapeutic 
measure flunarizine, which is a calcium antagonist used in clinical practice. Flunarizine (0.63 mg/kg given 
intravenously) was effective when administered in the reperfused blood, but had no effect when admin- 
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istered 30 minutes after reperfusion (data not shown). 

Lys-plasminogen (500 CU kg) was capable of reversing the effects of cerebral ischemia as assessed on 
the basis of brain edema and neurologic deficits in a rat model of experimental ischemia. The buffer used in 
the lys-plasminogen preparation had no effect. In contrast to a standard therapeutic measure (flunanzme). 
5 lys-plasminogen was effective even when administered 30 minutes after reperfusion. 

Example 2. Effect of Lys-plasminogen on Surgical Procedures 

Surgical procedures typically involve the cessation of blood flow to certain organs or tissues, which is 
w usually done by clamping. This cessation in blood flow to the affected organ or tissue causes an ischemic 
condition to develop within the organ or tissue, which can subsequently lead to a reperfusion injury once 
blood flow is restored. This ischemic condition and subsequent reperfusion injury is particularly problematic 
in surgical procedures which involve the transplantation of organs or tissues into recipients. 

Transplantations involve an extended period of clamping of the organ or tissue to be transplanted, 
75 especially when allogenic or xenogenic donor organs or tissues are used. This clamping causes a cessation 
of blood flow within the organ or tissue, which is followed by removal of the organ or tissue from the donor. 
The clamping and removal causes an ischemia within the organ or tissue to be transplanted. The restoration 
of blood flow to the transplanted organ or tissue during the completion of the procedure will cause a 
reperfusion injury to occur within the organ or tissue as well as the surrounding organs and tissues of the 
20 recipient. In situations like kidney transplants where the donor often is and remains alive, the body area of 
the donor surrounding the removed kidney should also be protected against ischemia and reperfusion 
injury. 

According to the present invention, the ischemic conditions and subsequent reperfusion injury caused 
by surgical procedures can be prevented or treated with proteins having the effect of lys-plasminogen or 
25 progenitors of lys-plasminogen. Such proteins can even have a beneficial impact on transplanted donor 
organs or tissues, as well as the surrounding organs and tissues of the donor and recipient. The 
administration of proteins having the effect of lys-plasminogen or progenitors of lys-plasminogen permits 
organs and tissues to tolerate prolonged periods of ischemia as well as the physiologic stress caused by 
reperfusion. 

30 Organ and tissue damage can be reduced or prevented altogether by administering proteins having the 

effect of lys-plasminogen or progenitors of lys-plasminogen before the surgical procedure is started. In the 
case of transplantations, proteins according to the present invention can be administered to the donor 
before removal of the organ or tissue. The donor can be treated systemically or locally into an artery 
supplying the organ or tissue before removal of that organ or tissue. Likewise, a recipient of an organ or 

35 tissue can be treated before transplantation in order to protect organs and tissue surrounding the 
transplantation area as well as the organ or tissue to be placed within the recipient. Proteins having the 
effect of lys-plasminogen or progenitors of lys-plasminogen also can be administered during or after 
reperfusion. 

Preferably, lys-plasminogen is administered to treat reperfusion injury. The effective dose of lys- 
40 plasminogen to be administered systemically should range from 10 to 1000 CU'kg. Preferably, the dosage 
should be about 100 to 600 CU'kg, and more preferably the dosage should be about 500 CU'kg. Where 
local administrations are utilized, the dosage should be calculated to approximate the systemic dosages 
described above in the area to be treated. 

It is to be understood that the description, figures and specific examples, while indicating preferred 
45 embodiments of the invention are given by way of illustration and are not intended to limit the present 
invention. Various changes and modifications within the spirit and scope of the invention will become 
apparent to those skilled in the art from the discussion and disclosure contained herein. 

Claims 

50 

1. The use of a protein having the effect of lys-plasminogen or a progenitor of lys-plasminogen for the 
preparation of a pharmaceutical composition for the treatment of reperfusion injury following an 
ischemic event by administering said pharmaceutical composition to a subject at risk for reperfusion 
injury. 

55 

2. The use of a protein having the effect of lys-plasminogen or a progenitor of lys-plasminogen for the 
preparation of a pharmaceutical composition for the treatment of ischemia and attendant reperfusion 
injury by administering said pharmaceutical composition to a subject. 
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3. The use of a protein having the effect of lys-plasminogen or a progenitor of lys-plasmmogen for the 
preparation of a pharmaceutical composition for the treatment of reperfusion injury by. administering 
said pharmaceutical composition to a subject. 

5 4. A use according to claim 1, wherein said protein is lys-plasminogen and said pharmaceutical 
composition contains about 10 to 1000 CU of said iys-plasminogen per kg of the subject. 

5. A use according to claim 4, wherein said pharmaceutical composition contains about 100 to 600 CU of 
said lys-plasminogen per kg of the subject. 

w 

6. A use according to claim 5, wherein said pharmaceutical composition contains about 500 CU of said 
lys-plasminogen per kg of the subject. 

7. A use according to claim 4, 5, or 6, wherein said pharmaceutical composition is administered before, 
75 during or within about 30 minutes after reperfusion has begun. 

8. The use of plasmin and a plasmin-forming protein consisting essentially of a protein having the effect of 
lys-plasminogen or a progenitor of lys-plasminogen for the preparation of a pharmaceutical composition 
for the treatment of reperfusion injury by administering said pharmaceutical composition to a subject at 

20 risk for reperfusion injury due to an ischemic event or infarction. 

9. A use according to claim 8, wherein said pharmaceutical composition is administered to a subject at 
risk for cerebral ischemia. 

25 10. A use according to claim 8, wherein said pharmaceutical composition is administered to a subject at 
risk for transitory ischemic attacks. 

11. A use according to claim 8, wherein said pharmaceutical composition is administered before, during, or 
within about 30 minutes after the ischemic event or infarction. 

30 

12. The use of a protein having the effect of lys-plasminogen or a progenitor of lys-plasminogen for the 
preparation of a pharmaceutical composition for the treatment of tissue damage following reperfusion 
by administering said pharmaceutical composition to a subject at risk for tissue damage. 

35 13. The use of a protein having the effect of lys-plasminogen or a progenitor of lys-plasminogen for the 
preparation of a pharmaceutical composition for the improvement of the microcirculation and treatment 
of reperfusion injury by administering said pharmaceutical composition to a subject at risk for a 
defective microcirculation. 

40 14. The use of a protein having the effect of lys-plasminogen or a progenitor of lys-plasminogen for the 
preparation of a pharmaceutical composition for the treatment of brain edema by administering said 
pharmaceutical composition to a subject at risk for brain edema. 

15. The use of a protein having the effect of lys-plasmmogen or a progenitor of lys-plasminogen for the 
45 preparation of a pharmaceutical composition for the treatment of reperfusion injury by administering 

said pharmaceutical composition to a subject, wherein said subject is susceptible to reperfusion injury. 

16. A use according to claim 15, wherein said subject is having or has had a stroke. 

so 17. A use according to claim 15, wherein said subject is having or has had an infarction. 
18. A use according to claim 15, wherein said subject is having or has had surgery. 

13. The use of a protein having the effect of lys-plasminogen or a progenitor of lys-plasminogen for the 
55 preparation of a pharmaceutical composition for the treatment of reperfusion injury by administering 

said pharmaceutical composition to a subject who has incurred said injury. 
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20. e use of a protein hav - - the effect of lys-p!asminogen or a progenitor of lys-plasminogen for the 
preparation of a pharmact jtical composition for the treatment of reperfusion injury by administering 
said pharmaceutical composition to a subject suffering from ischemia or infarction. 

21. A use according to claim 20, wherein said pharmaceutical composition is administered to a subject 
suffering from cerebral ischemia. 

22. A use according to claim 20, wherein said pharmaceutical composition is administered to a subject 
suffering from transitory ischemic attacks. 

23. A use according to cfaim 20, wherein said pharmaceutical composition is administered to a subject 
undergoing surgery. 

24. The use of a protein having the effect of lys-plasmmogen or a progenitor of lys-plasminogen for the 
T5 preparation of a pharmaceutical composition for the treatment of reperfusion injury in a surgical patient 

by administering said pharmaceutical composition to surgical patient. 

25. A use according to claim 24, wherein said administration step is performed before, during, or after said 
surgical patient undergoes surgery. 
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30 
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26. A use according to claim 24, wherein said surgical patient receives a transplanted tissue or organ. 



27. The use of a protein having the effect of lys-plasmmogen or a progenitor of lys-plasminogen for the 
preparation of a pharmaceutical composition for the treatment of a tissue or organ donor by administer- 

25 mg said pharmaceutical composition to a donor of said tissue or organ to be donated. 

28. A use according to claim 27, wherein said protein is administered systemically to said donor. 

29. A use according to claim 27, wherein said protein is administered locally to said donor. 



30. The use of a protein having the effect of lys-plasminogen or a progenitor of lys-plasminogen for the 
preparation of a pharmaceutical composition for the treatment of reperfusion injury in a tissue or organ 

-or by administering said pharmaceutical composition to a donor of said tissue or organ to be 
transplanted. 

31. A use according to any of the preceeding claims, wherein said protein is plasma-derived or produced 
by a recombinant technique. 

32. A use according to any of the preceeding claims, wherein said pharmaceutical composition comprises 
•*o lys-plasminogen. 

33. A use according to any of the preceeding claims, wherein said pharmaceutical composition comprises 
a progenitor of lys-plasminogen. 

45 34. use according to claim 31 or 32, wherein said lys-plasminogen or progenitor of lys-plasmmogen is 
iieated to inactivate viruses. 

35. A ■ -e according to any of the preceeding claims, wherein said pharmaceutical composition further 

jrises a plasminogen activator. 

50 

36. A use according to claim 34, wherein said plasminogen activator is selected from the group consisting 
of tissue-type plasminogen activator, urokinase-type activator, pro-urokinase and streptokinase-type 
activator. 

55 37. A use according to any of the preceeding claims, wherein said pharmaceutical composition further 
comprises a pharmaceutical^ acceptable carrier. 
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Scoring system for the evaluation of neurologic deficits 





jL'CiLripi ion 


Score 


State of 


normal 


0 


L-Uli >L lUuill ess . 


restless 


1 




apatnetic 


2 




dazed 


3 




seizu res 


4 


Gait: 


normal 


0 




tensed paws 


1 




iiiming 


2 




h VDOmotil i tv 


-x 

j 




unable to stand 


4 


Overhead ladder 


climbs up 


0 


(45°): 


hangs for 5 seconds 






and raises hind legs 


1 




hangs for five seconds 


2 




hangs < 5 seconds 


3 




no grasp reflex 


4 


Vertical, rotating 


withstands rotation of 180° 




disk: 


for > 5 seconds 


0 




withstands rotation of 180° 






for < 5 seconds 


1 




holds on only up to 90° 


2 




cannot hold on at all 


3 


Muscle tonus: 




normal 


0 




weak 


1 


Total score: 




16 


Death (except 




18 


due to operation) 
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F ig. 2 

Summary of Evaluation c f Intravenous L> s-Pi^^mojjen and Buffer L'sin t - Lhe Rat "Stroke Model 



Substance Dose- n Kg 


Administration 
schedule 


1 Procedure 
\ fn animals) 


Results 


Lys-plasminogen 
200 CU 


Wilt blood 
reperfusion 


Edema (3 groups, n = 
Q or 10 animals each) 


Trend toward 
protective effect, not 
significant* 


Lys-plasrninogen 
250 CU 


15 nun before 
beginning of 
ischerrua 


Edema (3 groups, n = 
15 or 17 each) 


No effect 


Lys-plasminogen 
500 CU 


before 

beginning of 
ischemia and 
with blood 
reperfusion 


Edema (3 groups, n = 
1 .5 each) 


Significant protective 
effect 


Buffer analog 
500 CU 


be fc re 

beginning of 
ischemia and 
with blood 
reperfusion 


Edema (3 groups, n = 
6 each ) 


No effect 


Ly s -p 1 as min og en 
500 CU 


With blood 
reperfusion 


Edema (3 groups, n = 
6 each) 


Significant protective 
effect (see Fig. 3) 


Buffer analog 
500 CU 


With blood 
reperfusion 


Edema (3 groups, n = 
7 or 8 each) 


No effect (see Fig. 4) 


Lys-plasnunogcn 
500 CU 


With blood 
reperfusion 


Neurologic deficits (3 
groups, n = 1 0 each) 


Significant protective 
effect (see Fig. 5) 


Buffer analog 
500 CU 


Wiih blood 
reperfusion 


Neurologic deficits (3 
groups, n = 6 each) 


No effect (see Fig. 6) 


Lys-plasminogen 
500 CU 


30 mm after 

blood 

reperfusion 


Edema (3 groups, n = 
8 or 9 each) 


Significant protective 
effect 


Lys-pia^minogen 
500 CU 


60 nun after 

blood 

reperfusion 


Edema (3 groups, n = 
5 or 6 each) 


No effect 
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Fig. 3 
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Fig. 5 
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Description 

Background of the Invention 

Stroke re mains the third most common cause of 
death in the industrial world, ranking behind ischemic 
heart disease and cancer. Strokes are responsible for 
about 300,000 deaths annually in the United States and 
about 1 1 ,000 deaths annually in Austria. Strokes are 
also a leading cause of hospital admissions and long- 
term disabilities. Accordingly, the socioeconomic impact 
of stroke and its attendant burden on society is practi- 
cally immeasurable. 

"Stroke" rs defined by the World Health Organization as 
a rapidly developing clinical sign of focal or global distur- 
bance of cerebral function with symptoms lasting at 
least 24 hours. Strokes are also implicated in deaths 
where there is no apparent cause other than an effect of 
vascular origin. 

Strokes are typically caused by blockages or occlu - 
sions of the blood vessels to the brain or within the 
brain. With complete occlusion, arrest of cerebral circu- 
lation causes cessation of neuronal electrical activity 
within seconds. Within a few minutes after the deteriora- 
tion of the energy state and ion homeostasis, depletion 
of high energy phosphates, membrane ion pump failure, 
efflux of cellular potassium, influx of sodium chloride 
and water, and membrane depolarization occur, if the 
occlusion persists for more than five to ten minutes, irre- 
versible damage results. With incomplete ischemia, 
however, the outcome is difficult to evaluate and 
depends largely on residual perfusion and the availabil- 
ity of oxygen. After a thrombotic occlusion o f a cerebral 
vessel, ischemia is rarefy total. Some residual perfusion 
usually persists in the ischemic area, depending on col- 
lateral blood flow and local perfusion pressure. 

Cerebral blood flow can compensate for drops in 
mean arterial blood pressure from 90 to 60 mm Hg by 
autoregulation. This phenomenon involves dilatation of 
downstream resistant vessels. Below the lower level of 
autoregulation (about 60 mm Hg), vasodilatation is 
inadequate and the cerebral blood flow falls. The brain, 
however, has perfusion reserves that can compensate 
tor the fail in cerebral blood fall. This reserve exists 
because under normal conditions only about 35% of the 
oxygen delivered by the blood is extracted. Therefore, 
increased oxygen extraction can take place, provided 
that normoxia and normocapnea exist When distal 
blood pressure falls below approximately 30 mm Hg, the 
two compensatory mechanisms {autoregulation and 
perfusion reserve) are inadequate to prevent failure of 
oxygen delivery. 

As flow drops below the ischemic threshold of 23 
mf/IOOg/minute, symptoms of tissue hypoxia develop. 
Severe ischemia may be lethal. When the ischemia is 
moderate, it will result in "penumbra/^ In the neurologi- 
cal context penumbra refers to a zone of brain tissue 
with moderate ischemia and paralyzed neuronal func- 



2 

tion, which is reversible with restoration of adequate 
perfusion. The penumbra forms a zone of collaterally 
perfused tissue surrounding a core of severe ischemia 
in which an infarct has developed. In other words, the 

5 penumbra is the tiss ue area that can be saved , and is 
essentially in a state between life and death. 

When a clot is degraded and the blood flow to the 
p enumbra is restored, a phenomenon known as reper- 
fusion injury can occur. Portions of the injured tissue in 

10 the penumbra can be killed or further injured by the re- 
entry of oxygen or other substances into the area 
affected by the ischemia. In view of this phenomenon, 
the extent of tissue damage resulting from ischemia is 
determined both by the time required to achieve open- 

15 ing of an occluded vessel and by the series of reactions 
that follow as a result of reperfusion and the re-entry of 
oxygen to the affected tissue. 

Although an ischemic event can occur anywhere in 
the vascular system, the carotid artery bifurcation and 

20 the origin of the internal carotid artery are the most fre- 
quent sites for thrombotic occlusions of cerebral blood 
vessels, which result in cerebral ischemia. The symp- 
toms of reduced blood flow due to stenosis or thrombo- 
sis are simitar to those caused by middle cerebral artery 

25 disease. Flow through the ophthalmic artery is often 
affected sufficiently to produce amaurosis fugax or tran- 
sient monocular blindness. Severe bilateral internal 
carotid artery stenosis" may result in cerebral hemi- 
spheric hypoperfusion. This manifests with acute head- 

30 ache ipsiiateral to the acutely ischemic hemisphere. 
Occlusions or decrease of the blood flow with resulting 
ischemia of one anterior cerebral artery distal to the 
anterior communicating artery produces motor and cor- 
tical sensory symptoms in the contralateral leg and, less 

35 often, proximal arm. Other manifestations of occlusions 
or underperfusion of the anterior cerebral artery include 
gait ataxia and sometimes urinary incontinence due to 
damage to the parasagittal frontal lobe. Language dis- 
turbances manifested as decrease spontaneous 

40 speech may accompany generalized depression of psy- 
chomotor activity. 

Most ischemic strokes involve portions or all of the 
territory of the middle cerebral artery with emboli from 
the heart or extracranial carotid arteries accounting for 

45 most cases. Emboli may occlude the main stem of the 
middle cerebral artery, but more frequently produce dis- 
tal occlusion of either the superior or the inferior branch. 
Occlusions of the superior branch cause weakness and 
sensory loss that are greatest in the face and arm. 

so Occlusions of the posterior cerebral artery distal to its 
penetrating branches cause complete contralateral loss 
of vision. Difficulty in reading (dyslexia) and in perform- 
ing calculations (dyscalculia) may follow ischemia of the 
dominant posterior cerebral artery. Proximal occlusion 

55 of the posterior cerebral artery causes ischemia of the 
branches penetrating to calarrric and limbic structures. 
The clinical results are hemisensory disturbances that 
may chronically change to intractable pain of the defec- 
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tive site (thalamic pain). 

A significant event in cerebral ischemia is known as 
the transient ischemic attack (TIA"). A Tl A is defined as 
a neurologic deficit with a duration of less than 24 hours. 
The TIA is an important sign of a ischemic development s 
that may lead to cerebral infarction. Presently, no ideal 
treatment for TIA exists, and there are no generally 
accepted guidelines as to whether medical or surgical 
procedures should be carried out in order to reduce the 
incidence of stroke in subjects with TIA. 10 

The etiology of TIA involves hemodynamic events 
and thromboembolic mechanisms. Because most TIAs 
resolve within one hour, a deficit that lasts longer is 
often classified as presumptive stroke and is, accord- 
ingly, associated with permanent brain injury. Therefore, is 
computed tomographic brain scans are used to search 
for cerebral infarction in areas affected by TIAs lasting 
longer than several hours. In sum, the relevant clinical 
distinction between a TIA and a stroke is whether the 
ischemia has caused brain damage, which is typically zo 
classified as infarction or ischemic necrosis. Subjects 
with deteriorating clinical signs might have stroke in evo- 
lution or are classified as having progressive stroke. In 
this clinical setting, clot propagation is possibly an 
important factor in disease progression. zs 

There are a myriad of other diseases caused by or 
associated with ischemia. Vertebrobasilar ischemia is 
the result of the occlusion of the vertebral artery. Occlu- 
sion of the vertebral artery and interference with flow 
through the ipsilateral posterior inferior cerebellar artery 30 
causes lateral medullary syndrome, which has a symp- 
tomology including vertigo, nausea, vomiting nystag- 
mus, ipsilateral ataxia and ipsilateral Herner's 
syndrome. Vertebrobasilar ischemia often produces 
multifocal lesions scattered on both sides of the brain 3S 
stem along a considerable length. Except for cerebellar 
infarction and the lateral medullary syndrome, the clini- 
cal syndromes of discrete lesions are thus seldom seen 
in pure form. Vertebrobasilar ischemia manifests with 
various combinations of symptoms such as dizziness. *o 
usually vertigo, diplopia, facial weakness, ataxia and 
long tract signs. 

A basilar artery occlusion produces massive defi- 
cits. One of these deficits is known as the locked in 
state." In this condition, paralysis of the limbs and most 45 
of the bulbar muscle leaves the subject only able to 
communicate by moving the eyes or eyelids in a type of 
code. Occlusion of the basilar apex or top of the basilar 
is usually caused by emboli that lodge at the junction 
between the basilar artery and the two posterior cere- so 
bral arteries. The condition produces an initial reduction 
in arousal followed by blindness and amnesia due to an 
interruption of flow into the posterior cerebral arteries as 
well as abnormalities of vertical gaze and pupillary reac- 
tivity due to tegmental damage. ss 

Venous occlusion can cause massive damage and 
death. This disease is less common than arterial cere- 
bral vascular disease. As with ischemic stroke from 



arterial disease, the primary mechanism of brain dam- 
age is the reduction in capillary blood flow, in this 
instance because of increased outflow resistance from 
the blocked veins. Back transmission of high pressure 
into the capillary bed usually results in early brain swell- 
ing from edema and hemorrhagic infarction in subcorti- 
cal white matter. The most dangerous farm of venous 
disease arises when the superior sagittal sinus is 
occluded. Venous occlusion occurs in association with 
coagulation disorders, often in the purpura! period, or in 
subjects with disseminated cancers or contagious dis- 
eases. If anticoagulant therapy is not initiated, superior 
sagittal sinus occlusion has a mortality rate of 25-40%. 

Brief diffuse cerebral ischemia can cause syncope 
without any permanent sequelae. Prolonged diffuse 
ischemia in other organs has devastating conse- 
quences. The most common cause is a cardiac asystole 
or other cardiopulmonary failures, including infarction. 
Aortic dissection and global hypoxia or carbon monox- 
ide poisoning can cause simitar pictures. Diffuse 
hypoxia/ischemia typically kills neurons in the hippoc- 
ampus, cerebellar Purkinje cells, striatum or cortical lay- 
ers. Clinically, such a diffuse hypoxia/ischemia results in 
unconsciousness and in coma, followed in many 
instances by a chronic vegetative stata If the subject 
does not regain consciousness within a few days, the 
prognosis for the return of independent brain functions 
becomes very poor. 

Hyperviscosity syndrome is another disease 
related to blood flow and ischemia. Cerebral blood flow 
is inversely related to blood viscosity. The latter is 
directly proportional to the number of circulating red and 
white cells, the aggregation state, the number of plate- 
lets and the plasma protein concentration. Blood flow is 
inversely proportional to the deformability of erythro- 
cytes and blood velocity (shear rate). Subjects with 
hyperviscosity syndrome can present either with focal 
neurologic dysfunction or with diffuse or multi focus 
signs or symptoms including headache, visual distur- 
bances, cognitive impairments or seizures. 

T here are a number of substances involved in clot 
formation and lysis. Plasminogen, also known as glu- 
piasminogen, and piasmin are two of the primary sub- 
stances involved in lysis. 

Plasminogen is a protein, composed of 791 amino 
acids, that circulates in human plasma at a concentra- 
tion of about 200 jig/ml. Plasminogen is the zymogen 
form of the fibrinolytic enzyme, piasmin. which has 
broad substrate specificity and is ultimately responsible 
for degrading blood clots. For the most part, fibrin prote- 
olysis is mediated by the generation of piasmin within a 
fbrin clot from the plasminogen trapped within the dot. 
Fredenburgh & Nesheim. J. Bk>i. Chem. 267: 26150-56 
(1992). 

Plasminogen has five kringle domains within its 
arm no-terminal heavy chain region that exhibit tysine- 
binding sites for recognition of lysine residues in fibrin. 
Plasminogen-plasmin conversion, both within a ctot and 
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at its surface, is facilitated by the affinity of tissue plas- 
minogen activator p-PA") for fibrin, which results in a 
fibrin -dependent t-PA-induced plasminogen activation. 
Fredenburgh, ioc. cit. 

Once initiated, fibrinolysis results in several positive s 
feedback reactions. For instance, plasmin-catalyzed 
cleavage of f tori n generates carboxy-terminaJ lysine res- 
idues, which in turn provide additional binding sites for 
both t-PA and plasminogen. This also facilitates plas- 
min-catalyzed conversion of glu- plasminogen to lys- io 
plasminogen by a specific cleavage, which is a pre-acti- 
vation step. Shih & Hajjar, P.S.E.B.M. 202: 258-64 
(1993). In the literature, the term "lys -plasminogen" 
refers to forms of plasminogen where the N-terminal 
amino acid is lysine, valine or methionine. Nieuwenhui- is 
zen ef ai, Eur. J. Biochem. 174: 163-69 (1988). The 
conversion activity reflects a positive feedback reaction, 
because l ys-plasminogen is a considerably better sub- 
strate than glu-plasminogen tor both t-PA and uroki- t 
n ase, which may be caused by the enhanced affinity of . 20 
fys -plasminogen for fibrin. The ratio of the K cat/Km for t- 
PA-catalyzed activation of lys -plasminogen exceeds 
that of glu-piasminogen by about a factor of ten. Freden- 

(^forinolysisjSBS been previously shown to be accei- 25 
eratedT3yTfie"~addition of fys-plasminogen in vivo and in 
vitro. In addition, when the use of exogenous lys-plas- 
minogen was compared to the use of exogenous glu- 
plasminogen in similar experiments, 0.08 nmol lys-plas- 
minogen produced the same degree of enhanced fibrt- 30 
nolysis as 0.67 ^imol glu-plasminogen. Therefore, while 
both forms of plasminogen shorten t he time for fibrinol- 
ysis, lys-plasminogen is about eight times more potent 
in this regard than glu-pi asminogen . See Fredenburgh, 
supra. t-PA and plasmin have previously been shown to 3S 
decrease neutrophils cherno taxes and release of super- 
oxide radicals and leukotrine B4. It has been indicated 
that the cumulative effects of t-PA and plasmin on neu- 
trophil functions may relate to the overall efficacy of t-PA 
in thrombotic disorders. (Life Sciences, Vol. 45, p. 1665- *o 
1669) 

Previous studies of lys-plasminogen have not impli- 
cated this protein for use in treatment of reperfusion 
i njury. The conventional treatment for reperfusion injury 
is Flunarizine. which is only effective when administered 45 
prcphylactically. 

Summary of the Invention 

It is therefore an object of the present invention to so 
provide a method for treating reperfusion injury to tis- 
sue. 

It is also an object of the present invention to pro- 
vide a method for t reating ischemia, infarction or brain 
edema . ss 

It is also another object of the present invention to 
provide a method for improving the microcirculation. 

It is yet another object of the present invention to 



provide a method for treating the reperfusion injury that 
follows ischemic events. 

It is yet another object of the present invention to 
provide a method for treating the reperfusion injury that 
foll ows ischemic events by administering a pharmaceu - 
tical composition comprisinq lys -plasminogen The com- 
position for use in this method may further comprise 
plasminogen activators such as tissue-type plasmino- 
gen activator, urokinase- type activators, pro-urokinase, 
streptokinase-type activators and plasmin. 

It is a further object of the present invention to treat 
ischemia and reperfusion injury resulting from surgical 
procedures, including transplants. 

In accordance with another aspect of the present 
invention, there is provided a treatment for ischemia and 
reperfusion injury resulting from surgical procedures, 
including transplants. This treatment entails administer - 
ing lys-plasminogen to patients i who have or will 
undergo surgical procedures. In the case of transplanta- 
tion, the administration of such proteins to tissue or 
organ recipients protects the tissue or organ being 
transplanted, as well as the tissues and organs sur- 
rounding the surgical area of the recipient. Likewise, 
administration of such proteins to the tissue or organ 
donor protects the tissue or organ to be transplanted as 
well as the tissues and organs surrounding the surgical 
area of the donor. 

Other objects, features and advantages of the 
present invention will become apparent from the follow- 
ing description and figures. 

Brief Description of the Figures 

FIGURE 1 sets forth the scoring system used for 
evaluation of neurologic defects. 

FIGURE 2 is a summary of experimental data 
employing a rat model for evaluating the therapeutic 
benefits of lys-plasminogen as compared to a control . 

FIGURE 3 is a graphic representation of the data 
from a controlled experiment evaluating the effect lys- 
plasminogen on the brain moisture content (edema) of 
rats wrtn induced ischemia. "A" is rats with surgically- 
induced ischemia receiving 500 LVkg lys-plasminogen 
i.v. with blood reperfusion; "B" is rats with surgically- 
induced ischemia receiving 1 .0 ml/kg isotonic saline i.v. 
with blood reperfusion; and "C" is rats having under- 
gone a sham operation receiving 1.0 ml/kg isotonic 
saline i.v. (AAB p < 0.001 ; ABC: p < 0.01 ; AAC: p < 0.05). 

FIGURE 4 is a graphic representation of the data 
from an experiment evaluating the effect of buffer on the 
brain moisture content (edema) of rats with induced 
ischemia, which serves as an additional control of the 
experiment of Figure 3. "A* is rats with surgically- 
induced ischemia receiving 1.0 ml/kg buffer i.v. with 
blood reperfusion (n=7); "B" is rats with surgically- 
induced ischemia receiving 1 .0 ml/kg isotonic saline i.v. 
with blood reperfusion (n=7); and *C" is rats having 
undergone a sham operation receiving 1.0 ml/kg isot- 
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onic saline i.v. (n=8). (AAB n.s.; ABC: p < 0.01 ; AAC: p < 
0.01). 

FIGURE 5 is a graphic representation of the data 
from a controlled experiment evaluating the effect lys- 
plasminogen on the neurologic deficits of rats with 
induced ischemia. The total score is based on individual 
ratings for state of consciousness, gait, muscle tone and 
performance (mean of 3 days per animal). The maxi- 
mum score is 54 (n = 10 per group). "A" is rats with sur- 
gicalty-induced ischemia receiving 500 U/kg lys- 
plasminogen i.v. with Wood reperfusion; "B" is rats with 
surgically-induced ischemia receiving 1.0 ml/kg isotonic 
saline i.v. with blood reperfusion; and "C" is rats having 
undergone a sham operation receiving 1 .0 ml/kg isot- 
onic saline i.v. (AAB: p < 0.001 ; ABC: p < 0.001 ; AAC: p 
= 0.05). 

FIGURE 6 is a graphic representation of the data 
from an experiment evaluating the effect of buffer on the 
neurologic deficits of rats with induced ischemia, which 
serves as an additional control of the experiment of Fig- 
ure 5. The total score is based on individual ratings for 
state of consciousness, gait, muscle tone and perform- 
ance (mean of 3 days per animal). The maximum score 
is 54 (n = 6 per group). "A" is rats with surgicaily- 
induced ischemia receiving t.O ml/kg buffer i.v. with 
blood reperfusion; "B" is rats with surgically-induced 
ischemia receiving 1.0 ml/kg isotonic saline i.v. with 
Wood reperfusion; and "C" is rats having undergone a 
sham operation receiving 1.0 ml/kg isotonic saline i.v. 
(AAB: n.s; ABC: p < 0.01 ; AAC: p < 0.01). 

Detailed Description of Preferred Embodiments 

The present invention enables treatment of 
ischemic events, including cerebral ischemia, and 
reperfusion injury associated with ischemic events. 
Additionally, the present invention permits the treatment 
of ischemic events in a manner that avoids or minimizes 
the adverse effects associated with conventional treat- 
ments, such as reperfusion injury. The term "treatment" 
in its various grammatical forms refers to preventing, 
alleviating, minimizing or curing maladies or other 
adverse conditions. 

rt has been discovered that piasmin and plasmin - 
forming proteins, a category that includes lys-ptesmino - 
gen, a pre- activated zymogen of piasmin, can be used , 
in accordance with the present invention, to attenuate or 
avoid reperfusion injury following an ischemic event 
This beneficial effect can be obtained even when reper- 
fusion already has started. 

Lys-plasminogen itself can be employed as a treat- 
ment. All forms of lys -plasminogen are considered suit- 
able for use with this invention as long as they retain the 
ability to affect the benefits described above. Also surta- 
We for use pursuant to the present invention are frag- 
ments of tys -plasminogen and variants of lys- 
plasminogen, such as analogs, derivatives, muteins and 
mimetics of the natural molecule, that retain the ability 



to affect the benefits described above. 

Fragments of lys-plasminogen refers to portions of 
the amino acid sequence of the lys-plasminogen 
polypeptide. These fragments can be generated directly 

5 from lys-plasminogen itself by chemical cleavage, by 
proteolytic enzyme digestion, or by combinations 
thereof. Additionally, such fragments can be created by 
re combinant techniques employing genomic or cDNA 
cloning methods. F urthermore, methods of synthesizing 

io polypeptides directly from amino acid residues also 
exist. The variants of lys-pfasminogen can be produced 
by these and other methods. Site-specific and region- 
directed mutagenesis techniques can be employed. 
See CURRENT PROTOCOLS IN MOLECULAR BIOL- 

15 OGY vol. 1 , ch. 8 (Ausubel ef a/, eds., J. Wiley & Sons 
1389 & Supp. 1990-93); PROTEIN ENGINEERING 
(Oxender & Fox eds., A. Liss, Inc. 1987). In addition, 
linker-scanning and PC R-mediated techniques can be 
employed for mutagenesis. See PCR TECHNOLOGY 

20 (Erlich ed., Stockton Press 1989); CURRENT PROTO- 
COLS IN MOLECULAR BIOLOGY, vols. 1 & 2. supra. 
N on -peptide compounds that mimic the binding and 
function of a peptide ("mimetics") can be produced by 
the approach outlined in Saragovi ef ai. t Science 253: 

25 792-95 (1991). Protein sequencing, structure and mod- 
eling approaches for use with any of the above tech- 
niques are disclosed in PROTEIN ENGINEERING, loc. 
cit. and CURRENT PROTOCOLS IN MOLECULAR 
BIOLOGY, vols. 1 & 2. supra. 

30 Once a desired fragment or variant of lys-plasmino- 
gen is obtained, techniques described herein can be 
employed for determining whether the fragment or vari- 
ant is effective for the above therapies, such as treat- 
ment of reperfusion injury and. if so, identifying an 

35 appropriate dosage range. The rat stroke model 
described in the exampl e below is a simple and cost- 
efticient way ot performing this testing in vivo. 
__The pre sent invention also contemplates the use of 
/^pro^enitors*bf lys-plasminogen. that is, precursors of 

4o Nyc plasminogen as well as substances that act on a lys- 
plasminogen precursor to generate lys-plasminogen. 
Illustrative of lys-plasminogen progenitors is glu-plas- 
minogen, which is cleaved by an appropriate protease 
to generate lys-plasminogen. A substance effecting 

45 such a proteolytic cleavage is piasmin, the use of which 
falls within the scope of this invention as stated above. 
These rat stroke model described below is also useful 
for evaluating the effectiveness of lys-plasminogen pro- 
genitors. 

so Lys-plasminogen can be obtained by proteolytic 
deavage of glu-plasminogen to remove amino acid 
sequences from glu-plasminogen. Methods of produc - 
ing lys- plasminogen are described in greater detail in 
E uropean Application 0 353 218. S ee also Neuwenhui- 

55 zen, supra. 

An example presented below demonstrates a previ- 
ously unknown effect of lys-plasminogen which impli- 
cates its efficacy, and that of the lys-plasminogen 



5 



9 



EP 0 631 786 B1 



10 



variants and progenitors as well as plasmin and plas- 
min -forming proteins, in the treatment of reperfusion 
injury. Until now. lys-plasminogen was only known to 
function in fbrinolysis. It was not expected that plasmin 
or any plasmin-forming protein, such as lys-plasmino- 5 
gen, would be able to overcome the blood-brain barrier, 
which has been presumed to be necessary to be effec- 
tive at the site of a cerebral ischemic event. 

Other uses for lys-plasminogen exist as well. Lys- 
plasminogen is helpful in treating subjects after cardiac 10 
arrest. Lys-plasminogen administration may prevent the 
ischemic damage to neural cells. Lys-plasminogen can 
also be used in the treatment of total body ischemia 
(shock), ischemia of the bowels and tower extremities 
and for the preservation of organs for transplant by pre- 15 
venting ischemia. 

Administration methods include those used for clot- 
lysis treatments, typically intravenous routes. The dos- 
age of Lys-pla sminogen to be employed with this inven- 
tion should be based on the weight of the subject and 20 
administered at a dosage of about 10 to 1000 casetno- 
fytic units ("CU")/kg. Preferably, the dosage should be 
about 100 to 600 CU/kg, and more preferably the dos- 
age should be about 500 CU/kg. The lys-plasminogen 
can be administered during blood reperfusion, which 25 
would occur when lys-plasminogen is administered 
along with conventional clot lysis treatments such as t- 
pa. Additionally, the beneficial effect of the lys-plasmino- 
gen can still be obtained when it is administered after 
reperfusion has already begun. Preferably, the tys-plas- 30 
minogen should be administered before or within about 
30 minutes after reperfusion has begun. Lys-plasmino- 
gen variants and progenitors should be administered in 
dosages that yield the same effect as the dosage 
ranges discussed above. 3S 

A treatment in accordance with the present inven- 
tion can be effected advantageously via administration 
of the above-described substances in the form of inject- 
able compositions. A typical composition for such pur- 
pose comprises a pharmaceutically acceptable carrier, -w 
An exemplary composition in this context is a lys-plas- 
minogen buffer vehicle (9 g/L NaCl. 1 g/l Na 3 
citrate • 2H a O. 3 g/l L-lysine. 6 g/l NaH 2 P0 4 * 2H 2 0 and 
40. 000 KlU/l aprotonin). Pharmaceutically acceptable 
earners in this context include other aqueous solutions, 45 
non-toxic excipients. including salts, preservatives, buff- 
ers and the like, as described in REMINGTON'S PHAR- 
MACEUTICAL SCIENCES. 15th Ed. Eastern: Mack 
Publishing Co. pp 1405-1412 and 1461-1487 (1975) 
and in THE NATIONAL FORMULARY XIV., 14th Ed. so 
Washington : American Pharmaceutical Association 
(1975), the contents of which are hereby incorporated 
by reference. Examples of non-aqueous solvents are 
propylene glycol, polyethylene glycol, vegetable oil and 
injectable organic esters such as ethyloleate. Aqueous 55 
carriers include water, alcoholic/aqueous solutions, 
saline solutions, parenteral vehicles such as sodium 
chloride. Ringer's dextrose, etc. Intravenous vehicles 



include fluid and nutrient replenishes. Preservatives 
include antimicrobials, antioxidants, chelating agents 
and inert gases. The pH and exact concentration of the 
various components of the binding composition are 
adjusted according to routine skills in the art See 
GOODMAN AND GILMAN'S THE PHARMACOLOGI- 
CAL BASIS FOR THERAPEUTICS (7th ed.). 

Example 1. Effect of Lys- Plasminogen on the 
Sequelae of Cerebral Ischemia in Rats 



In this ^sp^nmental serie SjJfte effects of lys-plas- 
minogen orFthe sequelae oT experimentally induced 
ischemia in rats was evaluated. Two different 
approaches were employed to assess the neurologic 
consequences of ischemia. Ischemia was induced in 
rats as described below. 

First, male Sorague-Dawley rats (weight 300-400g) 
are anesthetized with 350 mg/kg choral hydrate i.p.. and 
a catheter was then inserted into the jugular vein. Five 
milliliters of blood was withdrawn through the jugular 
catheter (100 IU heparin in the syringe) in order to 
reduce mean arterial blood pressure to 50 mm Hg. The 
prepared carotid arteries are exposed and clamped 
simultaneously with the blood withdrawal. The clamps 
gre removed after a period of 30 minutes, and the with- 
drawn blood is reinfused (reperfusion). Fibrin sealant 
(Tisseei®) is applied *to the wounds^Jhe animals 
remain under anesthesia for a total dr 24yx>urs (23.5 
hours after reperfusion). After regaining*«Onsciousness, 
each animal undergoes one of the following proce- 
dures: 

Assessment of brain edema: 

Animals are maintained at constant body tempera- 
tures for a total of 24 hours, sacrificed with ether and the 
brains removed. Assessment of brain edema was per- 
formed using modifications of methods published for 
other species. Oh & Betz. Stroke 22: 915-21 (1991). 

Moisture content, which is an excellent parameter 
for assessing ischemia/reperfusion-tnduced edema of 
the brain, is determined as follows: Both hemispheres 
are weighed, dried for 17 hours at 200" C, and 
reweighed. Moisture content is was calculated in per- 
cent of total moist weight according to the following for- 
mula: 

Moist weight - Dry weight x 10Q 
Moist weight 

Assessment of neurologic deficits: 

Animals were assessed for neurologic deficits on 
the first, second and third post-operative days. Wau- 
quier et a/.. Neuropharmacology 28: 837-46 (1989). 
State of consciousness, gait, muscle tone, performance 
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on an overhead ladder tilted at 45°, and performance on 
a vertically mounted rotating disk were evaluated on the 
basts of the scoring system shown in Figure 1 . A cumu- 
lative score for the three days is calculated (maximum 
score = 54). 5 

Lys-plasminogen (IMMUNO AG) was administered 
intravenously by means of catheter into either the jugu- 
lar or tail vein. These administrations were performed in 
increasing concentrations at various time points. 
Ischemic animals treated with isotonic saline served as w 
positive controls. while animals subjected to a sham 
operation and treated with isotonic saline served as 
negative controls. 

The above-described lys-plasminogen buffer was 
tested using each of these procedures in separate is 
experiments. A summary of dosage, administration 
schedule, experimental procedures and results is set 
forth in Figure 2. 

The results for 500 CU/kg lys-plasminogen (and the 
buffer employed as a control) are shown in Figures 3 20 
and 4 for edema and Figures 5 and 6 for neurologic def- 
icits. Significance values were based on t- tests for 
edema and the Kruskal-Wallis test assuming a chi- 
square distribution for neurologic deficits. 

A dose of 500 CU/kg of lys-plasminogen showed a 25 
significant protective effect on the sequence of experi- 
mentally induced cerebral ischemia in rats. The sched- 
ule of administration did not play an essential role. 
Notably, the lys- plasminogen still exerted a protective 
effect even when it was administered 30 minutes after 30 
the beginning of reperfusion. This contrasts with results 
obtained for the standard therapeutic measure flunar- 
izine, which is a calcium antagonist used in clinical prac- 
tice. Flunarizine (0.63 mg/kg given intravenously) was 
effective when administered in the reperfused blood, but 25 
had no effect when administered 30 minutes after reper- 
fusion (data not shown). 

Lys-plasminogen (500 CU/kg) was capable of 
reversing the effects of cerebral ischemia as assessed 
on the basis of brain edema and neurologic deficits in a 40 
rat model of experimental ischemia. The buffer used in 
the lys-plasminogen preparation had no effect. In con- 
trast to a standard therapeutic measure (flunarizine), 
lys-plasminogen was effective even when administered 
30 minutes after reperfusion. 45 

Example 2. Effect of Lys- plasminogen on Surgical 
Procedures 

Surgical procedures typically involve the cessation of 50 
blood flow to certain organs or tissues, which is usually 
done by clamping. This cessation in blood flow to the 
affected organ or tissue causes an ischemic condition to 
develop within the organ or tissue, which can subse- 
quently lead to a reperfusion injury once blood flow is 55 
restored. This ischemic condition and subsequent 
reperfusion injury is particularly problematic in surgical 
procedures which involve the transplantation of organs 



or tissues into recipients. 

Transplantations involve an extended period of 
damping of the organ or tissue to be transplanted, 
especially when allogenic or xenogentc donor organs or 
tissues are used. This clamping causes a cessation of 
blood flow within the organ or tissue, which is followed 
by removal of the organ or tissue from the donor. The 
clamping and removal causes an ischemia within the 
organ or tissue to be transplanted. The restoration of 
blood flow to the transplanted organ or tissue during the 
completion of the procedure will cause a reperfusion 
injury to occur within the organ or tissue as well as the 
surrounding organs and tissues of the recipient. In situ- 
ations like kidney transplants where the donor often is 
and remains alive, the body area of the donor surround- 
ing the removed kidney should also be protected 
against ischemia and reperfusion injury. 

According to the present invention, the ischemic 
conditions and subsequent reperfusion injury caused by 
surgical procedures can be prevented or treated with 
proteins having the effect of lys-plasminogen or progen- 
itors of lys-plasminogen. Such proteins can even have a 
beneficial impact on tra ns planted donor organs or tis- 
sues, as well as the surrounding organs ancTTtssues of 
the donor and recipient. The administration of proteins 
having the effect of lys-plasminogen or progenitors of 
lys-plasminogen permits organs and tissues to tolerate 
prolonged periods of ischemia as well as the physio- 
logic stress caused by reperfusion. 

Organ and tissue damage can be reduced or pre- 
vented altogether by administering proteins having the 
effect of lys-plasminogen or progenitors of lys-plas- 
minogen before the surgical procedure is started. In the 
case of transplantations, proteins according to the 
present invention can be administered to the donor 
before removal of the organ or tissue. The donor can be 
treated systemically or locally into an artery supplying 
the organ or tissue before removal of that organ or tis- 
sue. Likewise, a recipient of an organ or tissue can be 
treated before transplantation in order to protect organs 
and tissue surrounding the transplantation area as well 
as the organ or tissue to be placed within the recipient. 
Proteins having the effect of lys-plasminogen or progen- 
itors of lys-plasminogen also can be administered dur- 
ing or after reperfusion. 

Preferably, lys-plasminogen is administered to treat 
reperfusion injury. The effective dose of lys-plasmino- 
gen to be administered systemically should range from 
10 to 1000 CU/kg. Preferably, the dosage should be 
about 100 to 600 CU/kg, and more preferably the dos- 
age should be about 500 CU/kg. Where local adminis- 
trations are utilized, the dosage should be calculated to 
approximate the systemic dosages described above in 
the area to be treated. 

It is to be understood that the description, figures 
and specific examples, while indicating preferred 
embodiments of the invention are given by way of illus- 
tration and are not intended to limit the present inven- 



7 



13 



EP 0 631 786 B1 



14 



tion. 
Claims 

1 . The use of lys-plasminogen for the preparation of a 
pharmaceutical composition for the treatment of 
reperfusion injury by administering said pharma- 
ceutical composition to a subject at risk. 

2. The use according to claim 1 , for the treatment of 
ischemia and attendant reperfusion injury, reper- 
fusion injury following an ischemic event, tissue 
damage following reperfusion and brain damage 
following reperfusion. 

3. The use according to claim 1 . for the improvement 
of the microcirculation and treatment of reperfusion 
injury by administering said pharmaceutical compo- 
sition to a subject at risk for a defective microcircu- 
lation. 

4. The use according to claim 1 , by administering said 
pharmaceutical composition to a subject, wherein 
said subject is susceptibie to reperfusion injury. 

5. The use according to claim 4, wherein said subject 
is having or has had a stroke. 

6. The use according to claim 4, wherein said subject 
is having or has had an infarction. 

7. The use according to claim 4, wherein said subject 
is having or has had surgery. 

8. The use according to claim 1 , by administering said 
pharmaceutical composition to a subject who has 
incurred said injury. 

9. The use according to claim 1 , by administering said 
pharmaceutical composition to a subject suffering 
from ischemia or infarction. 

10. The use according to claim 9, wherein said phar- 
maceutical composition is administered to a subject 
suffering from cerebral ischemia- 

1 1 . The use according to daim 9, wherein said phar- 
maceutical composition is administered to a subject 
suffering from transitory ischemic attacks. 

12. The use according to claim 9, wherein said phar- 
maceutical composition is administered to a subject 
undergoing surgery. 

1 3- The use according to claim 1 . by administering said 
pharmaceutical composition to surgical patient 

14. The use according to claim 13. wherein said admin- 



istration step is performed before, during, or after 
said surgical patient undergoes surgery. 

15. The use according to claim 13, wherein said surgi- 
5 cal patient receives a transplanted tissue or organ. 

16. The use according to claim 1, for the treatment of 
reperfusion injury in a tissue or organ donor by 
administering said pharmaceutical composition to a 

10 donor of said tissue or organ to be transplanted. 

17. The use according to claim 1 . for the treatment of a 
tissue or organ donor by administering said phar- 
maceutical composition to a donor of said tissue or 

15 organ to be donated. 

18. The use according to claim 17, wherein said protein 
is administered systemically to said donor. 

20 1 9. The use according to claim 1 7, wherein said protein 
is administered locally to said donor. 

20. The use according to claim 1, wherein said phar- 
maceutical composition contains 10 to 1000 casei- 

25 nolytic units (CU) of said lys-plasminogen per kg of 
the subject. 

21. The use according to claim 20, wherein said phar- 
maceutical composition contains 100 to 600 CU of 

30 said tys-plasminogen per kg of the subject. 

22. The use according to claim 21 . wherein said phar- 
maceutical composition contains 500 CU of said 
lys-plasminogen per kg of the subject. 

35 

23. The use according to claim 20, 21 or 22, wherein 
said pharmaceutical composition is administered 
before, during or within about 30 minutes after 
reperfusion has begun. 

40 

24. The use of plasmin and lys-plasminogen for the 
preparation of a pharmaceutical composition for the 
treatment of reperfusion injury by administering 
said pharmaceutical composition to a subject at 

45 risk. 

25. The use according to claim 24, wherein said phar- 
maceutical composition is administered to a subject 
at risk for cerebral ischemia 

so * 

26. The use according to claim 24, for the treatment of 
reperfusion injury due to an ischemic event or inf- 
arction. 

55 27. The use according to claim 26, wherein said phar- 
maceutical composition is administered to a subject 
at risk for transitory ischemic attacks. 
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28. The use according to claim 27, wherein said phar- 
maceutical composition is administered before, dur- 
ing, or within about 30 minutes after the ischemic 
event or infarction. 

5 

29. The use according to any of the preceeding claims, 
wherein said protein is plasma-derived or produced 
by a recombinant technique. 

30. The use according to any of the preceeding claims, 10 
wherein said protein is treated to inactivate viruses. 

31 . The use according to any of the preceeding claims, 
wherein said pharmaceutical composition further 
comprises a plasminogen activator. /5 



32. The use according to claim 31 , wherein said plas- 
minogen activator is selected from the group con- 
sisting of tissue-type plasminogen activator, 
urokinase- type activator, pro- urokinase and strep- 20 
tokinase-type activator. 

33. The use according to any of the preceeding claims, 
wherein said pharmaceutical composition further 
comprises pharmaceuticaily acceptable carrier. 25 

Patentanspruche 

1. Verwendung von Lys-Plasminogen zur Herstellung 
einer pharmazeutischen Zusammensetzung fur die 30 
Behandlung von Reperfusionsschadigung durch 
Verabreicnung der pharmazeutischen Zusammen- 
setzung an einem Patienten mit dem Risiko einer 
Reperf usionsverletzu ng . 

35 

2. Verwendung nach Anspruch 1 fur die Behandlung 
von Ischemie und begleitender Reperfusionsscha- 
digung durch Verabreichung der pharmazeutischen 
Zusammensetzung an einen Patienten. 

40 

3. Verwendung nach Anspruch 1 fur die Verbesserung 
der Mikrozirkulatton und der Behandlung von 
Reperfusionsschadigung durch Verabreichung der 
pharmazeutischen Zusammensetzung an einen 
Patienten mit dem Risiko fur eine geschadigte 45 
Mikrozirkulation. 

4. Verwendung nach Anspruch 1 durch Verabreichung 
der pharmazeutischen Zusammensetzung an 
einen Patienten, worm der Patient fur Reperfusi- so 
onsschadigung empfanglich ist. 

5. Verwendung nach Anspruch 4, worm der Patient 
einen Gehirnschlag hat oder hatte. 

55 

6. Verwendung nach Anspruch 4, worm der Patient 
einen Infarkt hat oder hatte. 



7. Verwendung nach Anspruch 4. worin der Patient 
einen chirurgischen Eingriff hat oder hatte. 

8. Verwendung nach Anspruch 1 durch Verabreichung 
der pharmazeutischen Zusammensetzung an 
einen Patienten, bei dem die Schadigung aufgetre- 
ten ist. 

9. Verwendung nach Anspruch 1 durch Verabreichung 
der pharmazeutischen Zusammensetzung an 
einen Patienten, der an Ischemie oder Infarkt leidet. 

10. Verwendung nach Anspruch 9, worin die pharma- 
zeutische Zusammensetzung an einen Patienten, 
der an einer zerebralen techemie leidet, verabreicht 
wird. 

11. Verwendung nach Anspruch 9, worin die pharma- 
zeutische Zusammensetzung an einen Patienten, 
der an vorubergehenden ischemischen Arrfallen lei- 
det. verabreicht wird. 

12. Verwendung nach Anspruch 9, worin die pharma- 
zeutische Zusammensetzung an einen Patienten 
verabreicht wird, der sich einem chirurgischen Ein- 
griff unterzieht 

13. Verwendung nach Anspruch 1 durch Verabreichung 
der pharmazeutischen Zusammensetzung an 
einen Patienten mit einem chirurgischen Eingriff. 

14. Verwendung nach Anspruch 13, worin die Verabrei- 
chung vor, wahrend oder nach dem chirurgischen 
Eingriff an den Patienten ertokjt. 

15. Verwendung nach Anspruch 13, worin der Patient 
rru't dem chirurgischen Eingriff ein transplantiertes 
Gewebe oder Organ empfangt. 

16. Verwendung nach Anspruch 1 fur die Behandlung 
von Reperfusionsschadigung in einem Gewebe- 
oder Organspender durch Verabreichung der phar- 
mazeutischen Zusammensetzung an den Spender 
des zu transplantierenden Gewebes oder Organs. 

17. Verwendung nach Anspruch 1 fur die Behandlung 
ernes Gewebes oder Organspenders durch Verab- 
reichung der pharmazeutischen Zusammen- 
setzung an den Spender des zu spend enden 
Gewebes oder Organs. 

18. Verwendung nach Anspruch 17, worin das Protein 
systematisch an den Spender verabreicht wird. 

19. Verwendung nach Anspruch 17, worin das Protein 
lokal dem Spender verabreicht wird. 

20. Verwendung nach Anspruch 1 , worin die pharma- 
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zeutische Zusammensetzung 10 bis 1000 caseino- 
lytische Einheiten (CU) des Lys- Plasminogens pro 
kg des Patienten enthart. 

21. Verwendung nach Anspruch 20, worin die pharma- 5 
zeutische Zusammensetzung 100 bis 600 CU des 
Lys- Plasminogens pro kg des Patienten enthatt 

22. Verwendung nach Anspruch 21, worin die pharma- 
zeutische Zusammensetzung 500 CU des Lys- io 
Plasminogens pro kg des Patienten enthalt 

23. Verwendung nach einem der Anspruch e 20, 21 
Oder 22, worin die pharmazeutische Zusammen- 
setzung vor, wahrend oder innerhalb von ca. 30 is 
Minuten, nachdem die Reperfusion eingesetzt hat, 
verabreicht wird. 

24. Verwendung von Plasmin und Lys- Plasminogen zur 
Herstellung einer pharmazeutischen Zusammen- zo 
setzung fur die Behandlung von Gewebeschadi- 
gung nach Reperfusion durch Verabreichung der 
pharmazeutischen Zusammensetzung an einen 
Patienten mit dern Risiko einer Gewebeschadi- 
gung. 25 

25. Verwendung nach Anspruch 24, worin die pharma- 
zeutische Zusammensetzung an einen Patienten 
mit einem Risiko fur zerebrale Ischemie verabreicht 
wird. 30 

26. Verwendung nach Anspruch 24 fur die Behandlung 
einer Reperfusionsschadigung aufgrund eines 
ischemischen Vorfalls oder Irtfarktes. 

35 

27. Verwendung nach Anspruch 26, worin die pharma- 
zeutische Zusammensetzung an einen Patienten 
mit einem Risiko fur vorubergehende ischemische 
Anfalle verabreicht wird. 

40 

28. Verwendung nach Anspruch 27, worin die pharma- 
zeutische Zusammensetzung vor, wahrend oder 
innerhalb ca. 30 Minuten nach dem ischemischen 
Vorfall oder dem Infarkt verabreicht wird. 

29. Verwendung nach einem der vorhergehenden 
Anspruche, worin das Protein a us Plasma gewon- 
nen ist oder durch ein rekombinantes Verfahren 
hergestellt ist. 

so 

30. Verwendung nach Anspruch 31 oder 32, worin das 
Lys- Plasminogen oder der Vorlaufer von Lys-Plas- 
minogen zur Inaktivierung von Viren behandelt ist. 

31. Verwendung nach einem der vorhergehenden 55 
Anspruche. worin die pharmazeutische 
Zusammensetzung zusatzlich einen Plasminogen* 
aktivator umfafJt. 



32. Verwendung nach Anspruch 31. worin der Plasmi- 
nogenaktrvator ausgewahlt ist aus Gewebe-Typ- 
Plasminogenaktivator, Urokinase- Typ- Aktivator, 
Pro-Urokinase- und Streptokinase-Typ- Aktivator. 

33. Verwendung nach einem der vorhergehenden 
Anspruche, worin die pharmazeutische 
Zusammensetzung zusatzlich einen pharmazeu- 
tisch annehmbaren Trager umfaBt. 

Revendicatlons 

1 . Utilisation de lys-plasminogene pour Ea preparation 
d'une composition pharmaceutique en vue du trai- 
tement d'une lesion due a I'tine reperfusion en 
admin istrant ladite composition pharmaceutique a 
un sujet a risque. 

2. Utilisation selon la revendication 1 pour le traite- 
ment d'une ischemie et d'une lesion due a la reper- 
fusion qui en resulte, d'une lesion due a la 
reperfusion faisarrt suite a un accident ischemtque, 
d'une deterioration de tissus faisarrt suite a la reper- 
fusion et d'une deterioration cerebrate faisarrt suite 
a la reperfusion. 

3. Utilisation selon la revendication 1 , pour I'ameliora- 
tion de la microcirculation et le traitement d'une 
lesion due a la reperfusion en administrant ladite 
composition pharmaceutique a un sujet a risque 
pour une microcirculation defaillante. 

4. Utilisation selon la revendicatton 1 , en administrant 
ladite composition pharmaceutique a un sujet, dans 
laquelle I edit sujet est predispose a une lesion due 
a la reperfusion. 

5. Utilisation selon la revendication 4. dans laquelle 
I edit sujet soufre, ou a souffert, d'une attaque vas- 
culaire d'apoplexie. 

6. Utilisation selon la revendication 4, dans laquelle 
ledit sujet souffre. ou a souffert, d'un infarctus. 

7. Utilisation selon la revendication 4, dans laquelle 
ledit sujet subit, ou a subi, une intervention chirurgi- 
cale. 

8. Utilisation selon la revendication 1, en administrant 
ladite composition pharmaceutique a un sujet chez 
qui s'est produrte ladite lesion. 

9. Utilisation selon la revendication 1, en administrant 
ladite composition pharmaceutique a un sujet souf- 
frant d'ischemie ou dlrrfarctus. 

10. Utilisation selon la revendication 9, dans laquelle 
ladite composition pharmaceutique est administree 
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a un sujet souffrant d"isch6mie cerebrale. 

1 1 . Utilisation selon la revendication 9, dans laquelle 
ladite composition pharmaceutique est administree 

a un sujet souffrant d'attaques ischemiques passa- s 
geres. 

12. Utilisation selon la revendication 9, dans laquelle 
ladite composition pharmaceutique est administree 

a un sujet subissant une intervention chirurgicale. 10 

1 3. Utilisation selon la revendication 1 , en administrant 
ladite composition pharmaceutique a un patient de 
chirurgie. 

15 

14. Utilisation selon la revendication 13. dans laquelle 
ladite etape d'administration est effectuee avarrt, 
pendant ou apres que ledit patient de chirurgie 
subisse intervention chirurgicale. 

20 

15. Utilisation selon la revendication 13. dans laquelle 
ledit patient de chirurgie recoit un tissu ou un 
organe greffe. 

16. Utilisation selon la revendication 1. pour le trarte- 25 
ment d'une lesion due a la reperfusion chez un don- 
neur de tissu ou d'organe en administrant ladite 
composition pharmaceutique a un donneur dudit 
tissu ou dudit organe qui doit etre greffe. 

30 

1 7. Utilisation selon la revendication 1 , pour le traite- 
ment d'un donneur de tissu ou d'organe en admi- 
nistrant ladite composition pharmaceutique a un 
donneur dudit tissu ou dudit organe qui doit etre 
donne. 35 

18. Utilisation selon la revendication 17. dans laquelle 
ladite proteine est administree syst6miquement 
audit donneur. 

40 

19. Utilisation selon la revendication 17. dans laquelle 
ladite proteine est administree local em ent audit 
donneur. 

20. Utilisation selon la revendication 1. dans laquelle 4s 
ladite composition pharmaceutique contient 10 a 
1000 unites caseinolytiques (CU) dudit lys-plasmi- 
nogene par kilogramme du sujet 

21. Utilisation selon la revendication 20, dans laquelle so 
ladite composition pharmaceutique continent 1 00 a 
600 CU dudit lys-plasminogene par kilogramme du 
sujet. 

22. Utilisation selon la revendication 21, dans laquelle 55 
ladite composition pharmaceutique contient 500 

CU dudit lys-plasminogene par kilogramme du 
sujet. 



23. Utilisation selon la revendication 20. 21 ou 22. dans 
laquelle ladite composition pharmaceutique est 
administree avant, pendant ou au cours d'une 
peri ode d' environ 30 minutes apres que la reperfu- 
sion ait commence. 

24. Utilisation de plasmine et de lys-plasminogene pour 
la preparation d'une composition pharmaceutique 
pour le trartement d'une lesion due a la reperfusion 
en administrant ladite composition pharmaceutique 
a un sujet a risque. 

25. Utilisation selon la revendication 24, dans laquelle 
ladite composition pharmaceutique est administree 
a un sujet a risque d'tschemie cerebral e. 

26. Utilisation selon la revendication 24 en ce qui cor> 
cerne le traitement d'une lesion due a la reperfu- 
sion due a un accident isch6mique ou a un 
infarctus. 

27. Utilisation selon la revendication 26. dans laquelle 
ladite composition pharmaceutique est administree 
a un sujet a risque pour des attaque ischemiques 
passageres. 

28. Utilisation selon la revendication 27. dans laquelle 
ladite composition pharmaceutique est administree 
avarrt, pendant ou dans une period e d'envtron 30 
minutes apres I'accident ischemique ou I'infarctus. 

29. Utilisation selon Tune quelconque des revendica- 
tions precedentes, dans laquelle ladite proteine est 
un d6rrv6 de plasma ou est produite par recombi- 
naison genetique. 

30. Utilisation selon Tune quelconque des revend [ca- 
tions precedentes, dans laquelle ladite proteine est 
trait6e pour inactiver des virus. 

31. Utilisation selon Tune quelconque des revendica- 
tions precedentes, dans laquelle ladite composition 
pharmaceutique comprend, en outre, un activateur 
de plasminogene. 

32. Utilisation selon la revendication 31, dans laquelle 
ledit activateur de plasminogene est chorsi dans le 
groupe constrtue d'un activateur du type tissu I aire 
de plasminogene, d'un activateur du type uroki- 
nase, cfun activateur du type pro- urokinase et du 
type streptokinase. 

33. Utilisation selon Tune quelconque des revendica- 
tions precedentes, dans laquelle ladite composition 
pharmaceutique comprend, en outre, un support 
pharmaceutiquement acceptable. 
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Fig. 1 



Scoring system for the evaluation of neurologic deficits 





Description 


Score 


State of 


norms 1 


n 


consciousness: 


restless 


1 




apathetic 


2 




dazed 


3 




seizures 


4 


Gait: 


normal 


0 




tensed paws 


1 




turning 


2 




hypomotility 


3 




unable to stand 


4 


Overhead ladder 


climbs up 


0 


(45°): 


hangs for 5 seconds 






and raises hind legs 


1 




hangs for five seconds 


2 




hangs < 5 seconds 


3 




no grasp reflex 


4 


Vertical, rotating 


withstands rotation of 180" 




disk: 


for > 5 seconds 


0 




withstands rotation of 180° 






for < 5 seconds 


1 




holds on only up to 90 d 


2 




cannot hold on at all 


3 


Muscle tonus: 


normal 


0 




weak 


1 


Total score: 






16 


Death (except 




18 


due to operation) 
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Fig. 2 

Summary of EvaJuat ion oflni ravenous Lys-fMisminogen and Buffer Using the Rat "Stroke Model" 





Substance Dose^Vg^) 


Administration 
schedule 


Procedure 
(n animals) 


Results 




Lys -plasminogen 
200 CU 


With blood 
reperfusion 


Edema (3 groups, n = 
9 or 10 animals each) 


Trend toward 
protective effect, not 
significant* 




Lys -plasminogen 
250 CU 


15 min before 
beginning of 
ischemia 


Edema (3 groups, n =* 
15 or 17 each) 


No effect 




Ly s-g^asmino gen 

/so6cu\ 


before 

beginning of 
ischemia and 
wt t h b 1 nrif\ 
reperfusion 


Edema (3 groups, n = 
1.5 each) 


Significant protective 
effect"" 




Buffer analog 

500 CU 


before 

beginning of 
ischemia and 
with blood 
reperfusion 


Edema (3 groups, n = 
6 each) 


No effect 




Ly s-p I asmino gen 
500 CU 


With blood 
reperfusion 


Edema (3 groups, n = 
6 each) 


Significant protective 
eheci (see Fig. 3) 




Buffer analog 
500 CU 


With blood 
reperfusion 


Edema (3 groups, n = 
7 or 8 each) 


No effect (see Fig. 4) 




Lys-plasminogen 
500 CU 


With blood 
reperfusion 


Neurologic deficits (3 
groups, a = 10 each) 


Significant protective 
e^ecTTseTFig. 5) 




Buffer analog 
500 CU 


With blood 
reperfusion 


Neurologic deficits (3 
groups, n = 6 each) 


No effect (see Fig. 6) 




Ly s-p Iasminogen 
500 CU 


30 min after 

blood 

reperfusion 


^dem^3 groups, n » 
8 or 9 each) 


Significant protective 

elfecr 




Lys-plasminogen 
500 CU 


60 min after 

blood 

reperfusion 


Edema (3 groups, n =* 
5" or 6 each) 


No effect 



It 



0 



1 
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Fig. 3 



85 i 




